long been recognized as lesions of considerable significance that represent an important diagnostic and therapeutic responsibility of the dental profession. To date, no single systemic or local therapeutic regime has evolved that is consistently successful in the management of this condition. The problem is further complicated by the common occurrence of these lesions in people of advancing years, and the frequent involvement of multiple sites, encompassing large areas of oral mucosa. Although the geriatric patient has the physiologic ability to tolerate a local surgical excision, removal of extensive regions of the oral mucosa would be too traumatic. It would appear desirable, therefore, to develop an effective regime of eliminating oral hyperkeratosis without widespread loss of surface epithelium.
The utilization of keratolytic medicaments, long employed in the specialty of dermatology,1-4 appeared to offer a potentially effective means of treating this problem. The intraoral application of such agents, however, has been limited to the treatment of hairy tongue.5 I Reports of their therapeutic use in treating other abnormal oral keratoses could not be found. Of the keratolytic drugs surveyed, podophyllin (podophyllum resin) and salicylic acid appeared to be the most effective and widely employed. A study seemed warranted, therefore, to investigate the therapeutic efficacy of podophyllum resin and salicylic acid in eradicating hyperkeratosis of oral mucous membranes.
Materials and Methods
To induce focal hyperkeratotic lesions of the hamster oral mucosa, a carcinogenic polycyclic hydrocarbon, 9,10-dimethyl-1,2-benzanthracene (DMBA),t was selected for use in this study. This drug was utilized in a 0.5 per cent solution, the optimal concentration capable of producing maximal tumor response without loss of animals due to toxicity.7 It was dissolved in mineral oil to effect a more intimate contact with the cells of the mucosal epithelium.'
Fifteen Syrian albino hamsters, 3 weeks of age, were used in the study. A modification of the pouch retracting device described by Morris9 was employed, and the hydrocarbon was applied to the epithelial surfaces of the cheek pouches of unanesthetized hamsters with a No. 4 J. dent. Res. May-June 1966 ments had been given. At this time, in view of extensive inflammation, scarring, and neoplastic involvement of a number of pouches, application of the drugs was discontinued.
Gross observations and photographs were made of the treated areas of the mucosa and the corresponding control areas. Biopsy specimens from the areas then were obtained for microscopic examination.
Results GROSS OBSERVATIONS.-Prior to the application of the respective keratolytic agents, the carcinogen-treated mucosa exhibited a slight but definite increase in keratinization. Moreover, multiple, small, elevated, papillomatous lesions involved the mucosa, particularly in the apical portion of the everted cheek pouch, which represents the most inferior point in the normal, resting oral cavity of the hamster. Although the lesions were small and discrete, their friable nature caused considerable bleeding in response to slight trauma. The untreated normal mucosa, however, demonstrated only slight evidence of surface keratinization and no indication of neoplastic involvement.
After the application of 20 per cent salicylic acid to the conditioned mucosa, the initial alterations observed grossly were desquamation, ulceration, and bleeding. As the program of keratolytic application progressed, the amount of surface hyperkeratosis decreased greatly but the number and size of the previously noted neoplastic lesions increased considerably. In addition to the neoplastic proliferation, the inflammatory response produced by salicylic acid on the carcinogen-treated mucosa increased significantly. In contrast, the mucosa of the control pouches, treated only with DMBA, lacked any obvious decrease in the degree of keratinization and did not show the accelerated neoplastic activity seen with salicylic acid application.
In the podophyllin-treated mucosa, no significant keratolytic effect was apparent clinically. In (Fig. 1) .
When the DMBA-conditioned mucosa was treated with 20 per cent salicxlic acid, significant acanthosis and thickening of the epithelium resulted. The uniformly broadened stratum corneum, although lacking the laminated, compact appearance of untreated mucosal keratin, appeared granular and amorphous. No stratum lucidum was observed overlying the stratum granulosum which, when present, was thickened. Varying in its staining ability from a slight basophilia to a faint eosinophilia, the superficial prickle cell zone was homogeneous and relatively acellular. The residual cells in this region lacked definite membranes and nuclei. The cells of the basal layer were considerably elongated and basophilic, with focal disruption of their continuity-. Multiple mitotic figures in association with dyskeratotic changes in the basal lay er were observed overlying the region of subepithelial lvmphocytic infiltration (Fig. 2) .
Salicylic acid on normal mucosa produced a considerably thickened, acanthomatous epithelium that stained faintly. The stratum corneum, stratum lucidurn and granular layer exhibited the same characteristics observed in the tissue preconditioned with DMBA and treated with 20 per cent salicxlic acid. The cells of the prickle layer below the stratum granulosum-i had highly keratinized cytoplasm. A generalized increase in inflammatory response in the corium was observed (Fig. 3) (Fig. 4) .
The application of 20 per cent podoph>llin to normal mucosa created no extensive alterations of the keratinization process. The most significant changes were observed in the basal laer, where there wxas an increased incidence of mitotic figures and concentration of pleomorphic proliferation (Fig. 5) . The topical application of only the vehicle, compound tincture of benzoin, to normal hamster oral mucosa produced no apparent changes. The histologic appearance resembled that of normal mucosa.
Discussion
The results obtained in this preliminary studlx varied considerably with the keratolvtic agent employed. In the salicy lic acid series, a decrease in the degree of oral keratosis wvas suggested clinically, even though comparable alterations were not observed microscopically. On the contrary, the amount of cornification actually appeared to have increased. The keratin observed after treatment with salicylic acid, however, lacked the compactness usually observed in the normal stratum corneum, acquiring instead a granular, amorphous appearance without the fibrous keratin laminations. This consistently observed change, compatible with a less opaque stratum corneum, was responsible for the clinical impression of decreased keratinization.
Salicvlic acid-induced disturbances in the keratinization process are also well demonstrated bv the abnormally formed or frequently absent stratum granulosum. The function of this zone is considered a distinct factor in epithelial keratinization by Mercer't and Rothman.12 In addition to its interference with the keratinization process, the salicylic acid elicited diffuse acanthomatous alterations, with elongation and broadening of the rete pegs in both the conditioned and normal mucosa. It seems apparent, therefore, that salicylic acid, in addition to its keratolytic properties, is a severe surface irritant. Although these findings are comparable in part to those reported by Sullivan and King, 13 it is obvious that the mode of action of this agent involves more than a simple and direct fixing action. Similar significant disruptions of the keratinization process were not observed in the podophyllin-treated mucosa. Although the stratum corneum was slightly increased in thickness, there was no apparent alteration in either the character of the keratin or the kerawogenous zone.
In In further attempting to explain the inert behavior of the topically applied podophyllin, attention should be directed toward the hydrogen-ion concentrations of the salivary secretions of the experimental hamsters. According to a study reported by Johansen and Rogosa," the average salivary pH of Syrian hamsters fed a stock diet was 8.5. As previously reported by Viehover'6 and later by Nelson,2 the therapeutic effectiveness of podophyllin is inactivated by alkaline solutions, the agent being converted to picropodophyllin and podophyllic acid.
Although the application of podophyllin to the hamster oral mucosa in this study was not impressive, its activity in a less alkaline medium should be investigated. Human salivary secretions vary from weakly acid to slightly alkaline (pH ranging from 6.0 to 7.9) with an optimum pH of 6.6.17 Summary Two known keratolytic drugs, salicylic acid and podophyllin, were applied in 20 per cent solutions to induced oral hyperkeratotic lesions and to normal oral mucosa of 15 Syrian albino hamsters. After the initial gross alterations of desquamation, ulceration, and bleeding subsequent to the application of salicylic acid, a significant decrease in the amount of keratosis was clinically apparent. Alterations of the keratinization process during salicylic acid therapy were manifested as formation of a less opaque keratin layer and a disrupted stratum granulosum. In podophyllin-treated mucosa, no significant keratolytic effect was observed clinically or microscopically. Alterations of the keratinization process, comparable to those elicited by salicylic acid, were not obtained in podophyllintreated mucosa. The relative ineffectiveness of podophyllin in this study may have been due to its inability to penetrate the cornified epithelium, or due to inactivation by the alkaline saliva of the hamster.
